and lower 1-3 ) with characteristics required in metrology, high resolution Fourier transform spectroscopy, microwave photonics, remote sensing, astronomy, and telecommunications [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . A wide range of the active and passive mode locking techniques, including phase modulators, additional passive cavities, active fibres with different modal diameters, nonlinear polarisation rotation, and passive saturable absorbers based on carbon nanotubes, graphene, and semiconductor mirrors, have been used to narrow the mode-locked pulse and increase its energy [11] [12] [13] [14] [15] [16] [17] [18] [19] . Though these techniques provide pico-or femto-second scale
pulsewidths, it is still the challenge to realize GHz pulse repetition rates with narrow radiofrequency (RF) linewidth in the Hz range [11] [12] [13] [14] [15] [16] [17] [18] [19] . Generally the linewidth narrowing techniques are based on the control of the carrier-envelope phase (CEP) φ ce and provide zero pulse-topulse CEP change (∆φ ce =0) in the envelope phase [1] [2] [3] by heterodyning different harmonics i.e. by detecting the slippage rate (beat note) f ce =f rep ∆φ ce /2π as a radio-frequency signal (here f rep is the pulse repetition rate). The phase locking of f ce with a reference signal enables CEP stabilisation 1, 2 . Such techniques allow the RF linewidth suppression from 1 KHz to 1 mHz but their extraordinary complexity impose limits for applications [1] [2] [3] .
One way to reduce the complexity of CEP control has been outlined by Grudinin, Gray and co-workers [18] [19] . They demonstrated that resonance of a harmonic of the fundamental longitudinal mode with a transverse acoustic wave leads to tunable mode locking with repetition rates between 100 MHz and a few GHz and narrows RF linewidth down to 100
Hz. It has also been found previously that the multimode Risken-Nummedal-Graham-Haken (RNGH) instability [22] [23] [24] [25] in an erbium doped fibre laser (EDFL) is the essential mechanism of unstable self-mode-locking. Finding mechanisms beyond the traditional passive or active mode locking techniques for further pulse train stabilisation may result in advancing the frequency comb technology in the context of aforementioned applications.
In this Letter, for the first time we demonstrate theoretically and experimentally new resonance vector mode locking mechanism leading to the pulse train stabilisation.
Complemented by the resonance between a harmonic of the longitudinal mode and an acoustic wave excited by this comb through the electrostriction effect, the dynamics finally results in tunability of the repetition rate and linewidth narrowing.
The output power versus pump power, the emission spectrum, and the pulse train are shown in Figure 1b to 1d. When the pump power exceeded 48 mW, stable mode-locked pulses could be observed on the oscilloscope. As shown by Kalashnikov and co-workers 17 , observed Lorentzian shape of the optical spectrum in Fig. 1c indicates the presence of chirped pulses. As shown in Figure 1d , the observed pulse train has the fundamental repetition rate of 12.21 MHz. The mean value of linewidth at the fundamental frequency at the 3dB level was only 370 Hz (see INSET 1 of Figure 1d and Table 1 ). This value is much less than typical values of 10 KHz found for mode locked lasers with a saturable absorber [11] [12] [13] [14] [15] [16] . The transient time for stabilisation of this regime varies from a fraction of second to few minutes. are satellites of the lines "A","B" and "C". To understand the origin of these satellites, we changed birefringence in the laser cavity by turning the knob of the polarization controller POC2 and kept the pump power fixed at 160 mW.
While the angle of the knob was tuned between 18 positions, the satellites of the adjacent lines "A" and "C" were moving closer to the line labelled "B" as shown in Figure 2b . To get insight into the linewidth compression we show temporal traces and RF spectra for the last four steps (labelled with (15), (16), (17) and (18) fundamental comb frequency appears unchanged and the RF spectrum also seems be unchanged.
In the position 16, the distance between satellites was diminished. In this position, the noise demonstrated a periodic pattern, and the RF spectrum became broader and had "three humps".
After the knob of POC2 was turned again (17) the oscilloscope traces ( Figure 2c , (17) showed a narrow resonance line growing up to 60 dB. In addition to these results, we have observed stable and unstable pulse trains at different frequencies as shown in Table 1 and Supplementary Information. The tuning between different harmonics was performed by adjusting POC2 and the value of the pump power.
To understand the mechanism of stable self-mode locking along with tunability of harmonic mode locking and linewidth narrowing, we have developed a new vector model of EDFLs as described in section Methods. Additionally, the results of linear stability analysis are shown in The same as in Figure 2b , the frequencies of satellites from the adjacent lines "A" and "C" move toward the frequency of line "B" (Figure 3 18, 19 showed that the stabilisation at these frequencies can be caused by strong coupling between the frequency comb and transverse acoustic wave excited by this comb through electrostriction effect. It seems likely that the synchronisation in the regime of a strong coupling between frequency comb and transverse acoustic wave leads to the phase noise suppression taking the form of the linewidth narrowing 26, 27 .
In conclusion, we demonstrate experimentally new vector self-mode locking operation of an EDFL. By adjusting the in-cavity polarisation controller and the pump power we were able to switch the stable fundamental mode operation at 12. meters. The pump diode (FOL14xx series with isolator) has the maximum optical power up to 250 mW, which was measured after the polarization controller POC1, optical isolator (not shown in Figure 1a ) and wavelength division multiplexer (WDM). A manual polarization controller POC1 and an optical isolator for 1560 nm were placed between the diode output and the WDM.
The isolator between the diode and the laser was used to prevent degradation of the diode power during the device operation and to improve the laser diode stability. The LDR1500E driver was used to drive the laser diode. The output coupler 80:20 was used to direct the light out of the cavity. In the first experiment, the laser was assembled with an optical isolator with 25 dB attenuation. In this configuration it was impossible to obtain periodic pulsations and the output exhibited noisy behaviour. As we found, the back propagated wave interacts with the gain fibre changing the inverse population and preventing stable operation. After installation of an isolator with 51 dB attenuation, the laser was successfully mode locked. The back propagated radiation was controlled through the auxiliary port (not shown in Figure 1a ) and the level of the backscattered power was measured to be -49 dB in comparison with the power measured from the port labelled with "OUTPUT C".
Mode locked operation threshold. The threshold was found to be close to 36 mW of the pump power using linear extrapolation of the signal vs pump power curve to zero value of the signal power, as illustrated in Figure 1b . When the pump power has the value of 36 mW (inset of Figure 1b) a sharp peak appears at 12.21 MHz in the RF spectrum. As illustrated in the inset, after the peak becomes visible its width decreases from 4 KHz down to 300 Hz. 
are absorption and emission cross sections at the lasing wavelength and absorption cross section at the pump wavelength; Δ is the detuning of the lasing wavelength with respect to the maximum of the gain spectrum (normalised to the gain spectral width);  . 
orthogonal to the direction of the light propagation. This results in an angular distribution of the excited ions n() which can be expanded into a Fourier series as follows:
Unlike more general assumption of the 3D orientation distribution of the dipole orientations, Equation (2) allows deriving finite dimension system of the differential equations (1) where only n 0 , n 12 and n 22 components contribute to the vector dynamics. A linear stability analysis of the solution in the case of circularly polarised pump (δ=1), a uniform field ( 0
) and a steady
) can be found in Supplementary Information. Using it, we find three branches of eigenstates For this reason the dynamics of the medium polarisation also was ignored 22 .
